Background: Geriatric patients with femoral neck fracture (FNF) have unacceptably high rates of postoperative complications and mortality. The purpose of this study was to compare the effects of epidural anesthesia versus peripheral nerve block (PNB) on postoperative outcomes in elderly Chinese patients with FNF. Methods: This retrospective study explored mortality and postoperative complications in geriatric patients with FNF who underwent epidural anesthesia or PNB at the Chinese People's Liberation Army General Hospital from January 2008 to December 2012. The electronic database at the Chinese People's Liberation Army General Hospital includes discharge records for all patients treated in the hospital. Information on patient demographics, preoperative comorbidity, postoperative complications, type of anesthesia used, and in-hospital, 30-day, and 1-year mortality after surgery was obtained from this database. Results: Two hundred and fifty-eight patients were identified for analysis. The mean patient age was 79.7 years, and 71.7% of the patients were women. In-hospital, 30-day, and 1-year postoperative mortality was 4.3%, 12.4%, and 22.9%, respectively, and no differences in mortality or cardiovascular complications were found between patients who received epidural anesthesia and those who received PNB. More patients with dementia or delirium were given PNB. No statistically significant differences were found between groups for other comorbidities or intraoperative parameters. The most common complications were acute cardiovascular events (23.6%), electrolyte disturbances (20.9%), and hypoxemia (18.2%). Patients who received PNB had more postoperative delirium (P=0.027). Postoperative acute respiratory events were more common (P=0.048) and postoperative stroke was less common (P=0.018) in the PNB group. There were fewer admissions to intensive care (P=0.024) in the epidural anesthesia group. Key factors with a negative influence on mortality were acute cardiovascular events, dementia, male sex, age, American Society of Anesthesiologists score, acute respiratory events, intensive care admission, and comorbidities. Conclusion: PNB was not associated with lower mortality or lower cardiovascular complication rates when compared with epidural anesthesia in elderly patients with FNF.
Introduction
Femoral neck fractures (FNFs) are common injuries in geriatric patients, who are usually frail and very elderly, with more than 30% being 85 years of age or older. 1, 2 Furthermore, it is well known that these injuries are accompanied by high mortality rates, ranging from 11% to 36% within the 1st year after surgery, 3 ,4 so swift and conclusive recommendations are needed to address this public health problem. 5 Currently, three surgical treat ment options are available for management of FNF, ie, internal fixation, hemiarthroplasty, and total hip arthroplasty. The type of surgery offered is determined by the degree of fracture, the patient's age, functional demands, and the risk profile, such as physical fitness and cognitive function. 6, 7 The choice of anesthesia for this type of surgery is still a matter of ongoing debate. Regional anesthesia including epidural anesthesia, peripheral nerve block (PNB), and general anesthesia are all suitable for surgery in frail patients. The first paper addressing type of anesthesia in these patients was published in 1936 by Nygaard. Since then, there have been many trials, observational studies, and systematic reviews on this subject. [8] [9] [10] However, few papers have compared the postoperative outcomes of epidural anesthesia and PNB in older patients. 11, 12 A heterogeneous mix of fracture types, surgery, and anesthesia styles can affect the prognosis of these aged patients. Therefore, we decided to investigate a population with a more homogeneous fracture pattern, ie, FNF, and a homogeneous surgery type, ie, hemiarthroplasty, at our hospital to compare the effects of epidural anesthesia and PNB. The primary outcome was in-hospital, 30-day, and 1-year mortality after surgery. The secondary outcomes were postoperative complications. This retrospective study offered unique strength focusing on investigation of anesthetic factors influencing mortality and postoperative complications of elderly patients with FNF.
Materials and methods

Data source
This single-center retrospective study was conducted to explore mortality and postoperative complications in elderly patients undergoing urgent hemiarthroplasty for FNF under epidural anesthesia or PNB at the Chinese People's Liberation Army General Hospital from January 2008 to December 2012. Ethical consent was obtained from the Chinese People's Liberation Army General Hospital. The data were anonymized before analysis. Informed consent was waived. The electronic database at the Chinese People's Liberation Army General Hospital includes discharge records for all patients treated in the hospital. Information on patient demographics, preoperative comorbidities, postoperative complications, and type of anesthesia were retrieved from the database by MG and GW. In-hospital, 30-day, and 1-year postoperative mortality rates were recorded in a telephone interview by JJ.
To create a cohort of patients aged 65 years or older, we identified all discharges with a principal or secondary diagnosis of FNF, including pathological fractures and trauma. To restrict our sample, we excluded patients diagnosed with multiple trauma, those who underwent a secondary surgical procedure during their hospital stay, those for whom a different type of surgery was performed, ie, internal fixation or total hip arthroplasty, and those who had no surgery. Of note, patients with failed epidural anesthesia or PNB who were subsequently converted to general anesthesia were also excluded from the analysis. Records for the remaining 258 subjects who received hemiarthroplasty were analyzed further (Figure 1) .
First, we evaluated in-hospital mortality because the immediate postoperative period is more likely to reflect anesthesia-related complications. Thirty-day mortality was included in the primary outcome because it is not subject to detection bias and because 30 days following surgery is the standard time point for assessing perioperative outcome. One-year mortality is usually considered as important observation time.
All patients were given low molecular weight heparin calcium (Fraxiparine ® , GlaxoSmithKline) preoperatively and for at least 10 days postoperatively, interrupted only for the 24 hours before surgery to 12 hours after surgery. Ceftriaxone sodium (Rocephin ® , Roche) 1.0 g was given 30 minutes preoperatively followed by two additional doses during the first 72 hours postoperatively.
statistical analysis
The primary study outcome was in-hospital, 30-day, and 1-year mortality after surgery. The second outcomes were postoperative complications. General complications included the following: acute cardiovascular events, acute respiratory events, stroke, delirium, renal disease, electrolyte disturbances, anemia, hypoxemia, deep wound infection, and deep vein thrombosis/pulmonary embolism. We also collected data on waiting time to operation, duration of surgery, length of postoperative hospital stay, admission to intensive care, hospital costs, blood loss, and transfusion.
For continuous parameters, Student's t-tests are used to test for differences between groups, and for discontinuous parameters, chi-square statistics are used to detect differences between groups. Univariate and multivariate Cox regression analysis of all variables was used for 30-day and 1-year mortality after surgery. The significance level was set at 5% (P,0.05) for all statistical tests. 
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Results
Demographics
Over the 5-year study period, 258 elderly patients of mean age 79.7 (range 65-109) years underwent hemiarthroplasty and were included for our analysis. 
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Jin et al duration of surgery, intraoperative fluids required, blood loss, and transfusion in each of the two groups are presented in Table 2 . No statistically significant differences were found, except for admission to intensive care, which was more common in the PNB group (χ 2 =5.695; P=0.024). Moreover, patients admitted to intensive care incurred more hospital costs, and their postoperative hospital stay was longer. Blood loss in the epidural anesthesia group was less than in the PNB group (382±170 mL versus 422±194 mL, respectively), but the difference was not statistically significant (95% CI (-5.47, -85.60); P=0.084). There were no significant differences in waiting time to operation, length of postoperative hospital stay, hospital costs, duration of surgery, intraoperative fluids required, and blood transfusion between the two groups.
Mortality
In-hospital, 30-day, and 1-year mortality was 4.3%, 12.4%, and 22.9%, respectively. In-hospital mortality was slightly lower at 5.5% (8/145) 
Preoperative comorbidities
Seventy-two patients (27.9%) in our study had no preoperative comorbidity, while 84 (32.6%) had one, 61 (23.6%) had two, and 41 (15.9%) had three or more comorbidities. Table 3 lists the comorbidities recorded and their incidence in the two groups. The most common comorbidities were cardiovascular disease (78, 30.2%; One patient had a myocardial infarction after admission in each group), diabetes (60, 23.3%), respiratory disease (60, 23.3%), and stroke (56, 21.7%); one patient suffered a stroke after admission in each group. Dementia was more common in the PNB group than in the 
=4.198; P=0.041).
There were no statistically significant differences in other preoperative parameters between the two groups (Table 3) .
Postoperative complications
Seventy-seven patients (29.8%) have one postoperative complication, 62 (24.0%) had two complications, and 22 (8.5%) had three or more complications. Table 3 shows the incidence of postoperative complications, the most common of which were acute cardiovascular events (61, 23.6%), electrolyte disturbances (54, 20.9%), and hypoxemia (47, 18.2%). The incidence of acute respiratory events was higher in the PNB group (χ 2 =3.91; P=0.048), whereas postoperative stroke was significantly more common in the epidural anesthesia group (χ 2 =5.64; P=0.018). Six patients (5.3%) in the epidural anesthesia group and six (4.1%) in the PNB group developed deep vein thrombosis or pulmonary embolism despite receiving prophylactic low molecular weight heparin. Thirty-two (22.1%) patients with postoperative delirium in PNB group was significant higher than 13 (11.5%) in epidural anesthesia group (χ 2 =4.922; P=0.027). After adjustment for age and sex, patients with three or more comorbidities had a hazard ratio of 2.1 for death (95% CI 1.7-3.0), males had a hazard ratio of 1.8 (95% CI 1.5-2.4), those with acute respiratory events had a hazard ratio of 1.9 (95% CI 1.3-2.4), and those with dementia had a hazard ratio of 2.0 (95% CI 1.4-4.7) at 30 days. Increasing age, admission to intensive care, and three or more postoperative complications were also key factors.
Discussion
In this study, we found in-hospital, 30-day, and 1-year mortality rates of 4.3%, 12.4%, and 22.9% in elderly patients undergoing hemiarthroplasty for FNF. One hundred and sixty-one (62.4%) patients had one or more postoperative complications, the most common being acute cardiovascular events, electrolyte disturbances, and hypoxemia. There was a higher incidence of acute respiratory events and fewer strokes in the PNB group. In-hospital mortality decreased slightly from 5.5% in the PNB group to 2.7% in the epidural anesthesia group, but the difference did not reach statistical significance. Within 30 days of surgery, 24 patients (39.3%) with acute cardiovascular events died, six (22.2%) with acute respiratory events died, and six patients (11.7%) with electrolyte disturbances died. Forty-eight patients (78.7%) with acute cardiovascular events died within 1 year. Preoperative parameters were not significantly different, except for more dementia and delirium in the PNB group. Waiting time to operation, length of postoperative hospital stay, hospital costs, duration of operation, intraoperative fluids required, and number of blood transfusions were not significantly different between the two groups. Admission to intensive care was more common in the PNB group. Older age, male sex, three or more comorbidities, acute cardiovascular events, acute respiratory events, three or more complications, and admission to intensive care were all risk factors for mortality. The mortality at 30 days and at 1 year after surgery is similar to that in a previous study, 2 and no significant difference was found in mortality rates between the two anesthetic techniques. Our results could be similar in terms of absolute risk to the findings of Urwin et al and O'Hara et al 10, 13 who reported a marginal 30-day survival advantage in favor of regional anesthesia in their meta-analysis. Further, male patients (n=14, 19.2%) had a significantly higher 30-day mortality than female patients (n=18, 9.7%; who live longer on average); this finding is consistent with another report. 14 In this retrospective study, patients with acute cardiovascular and respiratory events had high mortality, with 24.8% (64) of geriatric patients developing cardiovascular or respiratory complications, which accounted for 32.8% (21) of deaths at 30 days after surgery. Closer scrutiny of the mortality data raises uncertainty. The likelihood of postoperative death is largely dependent on prefracture morbidity, so the potency of the anesthesia style was only slightly reflected in the mortality rate unless a subgroup analysis is performed in a large population of patients. 15 One hundred and eighty-six patients (72.1%) had one or more comorbidities on admission. The most common were cardiovascular disease, diabetes, respiratory disease, and stroke. It appears that patients with certain preoperative comorbidities did not have serious postoperative complications. Previous research has indicated that myocardial infarction, dementia, and respiratory disease are associated with a greater risk of postoperative complications and can increase mortality. 16 In our study, two patients had myocardial infarction after surgery, one of whom died during their in-hospital stay and the other died within 30 days of surgery. Two patients with perioperative stroke died in hospital, although they had been managed carefully and operated on successfully.
Seventeen patients (6.6%) in our study had dementia, which is thought to be associated with higher postoperative complication and mortality rates. 17, 18 Dementia was much common in the PNB group (9.7%) than in the epidural anesthesia group (2.7%).
Delirium is a syndrome characterized by acute onset of fluctuating levels of alertness or consciousness and a variety of other mental symptoms. In our study, 33 (12.8%) patients had delirium preoperatively, the reason for which might have been aging and trauma. Delirium (15.9%) was more common in the PNB group than in the epidural anesthesia group (8.8%).
Comparing the proportions of dementia and delirium between the two anesthesia groups, we speculated that mental status may affect the choice of anesthesia in elderly patients. Accordingly, the lower mortality seen in the epidural anesthesia group could not be fully attributed to the type of anesthesia given.
Although there is little presurgical blood loss in patients with FNF, hypovolemia is poorly tolerated by the frail elderly. A retrospective study of over 8,000 elderly patients with hip fracture found that perioperative transfusion had no influence on mortality risk in patients with hemoglobin concentrations .80 g/L, 19 although there is some evidence that transfusion at higher hemoglobin concentrations for patients with known cardiac disease may be beneficial. 20 Correction of anemia with blood transfusion is fraught with debate.
Further, persistent hypoxia may be present in all patients with hip fracture from the time of admission up until several days postoperatively. 21 In our study, 38 (14.7%) patients were hypoxemic when the first arterial blood sample was drawn, and 30 (78.9%) of these patients still had arterial oxygen pressure below 60 mmHg after surgery. Anemia, hypoxemia, and hypoproteinemia invariably occur concomitantly, and may be associated with increased postoperative complications and mortality. 22 As such, an appropriate transfusion threshold in the elderly that would limit risk and optimize benefit would be advantageous. In our department, all patients breathed oxygen (3-5 L/min) continuously before and after surgery. The hemoglobin level signaling a need for transfusion should be 90 g/L in geriatric patients.
Electrolyte disturbances were common preoperatively (24; 9.3%) and postoperatively (54; 20.9%) in our study. Hypokalemia was the most common electrolyte abnormality, and was intractable even when intravenous and oral potassium supplements were given. Seven (13.0%) patients with postoperative electrolyte disturbances died within 30 days of surgery.
Hip fracture patients have the highest risk of concomitant delirium, with a reported incidence of 35%-50%. 8, 18 In our study, the incidence was 22.1 (32) postoperatively in the PNB group, and was much higher than in the epidural anesthesia group (χ 2 =4.922; P=0.027). Nevertheless, the higher incidence of preoperative delirium and dementia in the PNB group could have affected the postoperative outcome.
Admission to intensive care in the PNB group (29; 20%) was more common than in the epidural anesthesia group (11; 9.7%). As would be expected, we found that admission to intensive care was positively associated with increased mortality at the observed time points. Patients in intensive care incurred higher hospital costs and had a longer postoperative hospital stay.
The duration of surgery was not significantly different between the two anesthesia groups (104±33 minutes in the PNB group versus 100±27 minutes in the epidural anesthesia group; P=0.275). A previous report indicated that epidural anesthesia can provide optimal muscle relaxation, which makes dissection and placement of the prosthesis easier to perform. 23 In our study, no significant differences were found between the groups for blood loss (382±170 mL versus 422±194 mL; P=0.084) or blood transfusion (4.19±3.21u versus 3.94±2.64u). A meta-analysis has shown that many studies have demonstrated there was less blood loss in patients who had undergone epidural anesthesia. 19 However, these reports compared blood loss between regional anesthesia and general anesthesia, and we are the first to compare blood loss between two regional anesthetic techniques. As mentioned in previous reports, 19 blood loss in our epidural anesthesia group might be attributable to decreased blood pressure. Unfortunately, we did not analyze perioperative blood pressure between the groups due to the limited recording data available.
Waiting time to surgery was longer, with some surgeries being delayed for up to 1 week in our study. Empirical evidence demonstrates that decreasing the waiting time to surgery decreases mortality. 24, 25 However, there are some recent data showing no significant difference in mortality between patients having early or delayed surgery. 26 Some trauma patients did not have adequate physiologic reserve and remained under resuscitated before surgery. These fragile patients given earlier surgery could increase postoperative complications. Hence, suitable preoperative preparation and optimized medical conditions could optimize the outcomes.
It has been reported that deep vein thrombosis may be less frequent in patients who have had a hip fracture and been given regional anesthesia. However, the group had no anticoagulation in its study. 23 In our department, all patients undergoing lower limb surgery must have prophylactic anticoagulation with low molecular weight heparin, consistent with the report by Geerts et al. 27 We did not find a difference in occurrence of thrombosis between the two regional anesthetic techniques (P=0.658).
The length of postoperative hospital stay was not significantly different between the two groups (P=0.557), despite the higher number of admissions to intensive care in the PNB group. Further, there was no significant difference in hospital costs between the epidural anesthesia group and the PNB group. Costs excluding procedural and equipment charges are more dependent on preoperative comorbidities and care for postoperative complications. However, the cost of hospitalization increased with delays in surgery, longer postoperative hospital stay, and admission to intensive care, which is consistent with previous reports. 28 With the development of ultrasonographic imaging and neurostimulation technology, more anesthesiologists are tending to select PNB for lower limb surgery. 29 Use of PNB increased sharply at our institution from 14.3% to 52.7% during our 5-year study period. PNB with propofol sedation is a sophisticated technique, and is generally implemented at our hospital. The technique is neither solely regional anesthesia nor general anesthesia, but is a combination of both, and involves administration of balance anesthesia, with or without an oropharynx parichnos or laryngeal mask. Perioperative hemodynamic stability and improved postoperative analgesia could have decreased the incidence of cardio-cerebrovascular and respiratory complications. 13, 30 We recognize that our study has some limitations. First, it was retrospective in nature and used an ad ministrative database that may be subject to inaccuracies in coding, which could have influenced our results. Some "atypical" complications are more common in elderly patients, and some patients who were treated conservatively without surgery had extremely high mortality. This data was not recorded and therefore was not analyzed. Furthermore, the sicker patients were more likely to be given PNB anesthesia. However, our findings may reflect selection bias, hence, the accurate mortality is inconsistent to our existent data. Our exclusion of patients who did not undergo surgery along with those who received general anesthesia may limit the generalizability of our results. Third, postoperative functional recovery is also an important outcome in elderly patients, but could not be investigated in this retrospective study. Finally, the small sample size and single-center nature of our study made it difficult to appreciate significant differences between the two study groups.
Conclusion
Our study shows that PNB is not associated with lower mortality or cardiovascular complication rates than epidural anesthesia in patients receiving hemiarthroplasty for FNF. Patients who received PNB were more likely to have dementia and acute respiratory events postoperatively than those who received epidural anesthesia, and those who had epidural anesthesia were more likely to have a stroke postoperatively. It is possible that perioperative management might be more important than the type of anesthesia administered. Therefore, further studies should aim to identify optimal management for these patients to improve their outcome using a team-based approach, and then use best practice guidelines and standardized outcome measures.
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